Summary. This 
Introduction
Arrest of mammalian oocytes at the germinal vesicle (GV) stage of meiosis is currently considered to be due to a follicular inhibitor, the effect of which is overridden upon exposure of the follicle to LH (reviewed by Tsafriri, 1978) . The most compelling evidence in support of this concept is derived from the observation that mammalian oocytes spontaneously resume meiosis in vitro when removed from antral follicles (reviewed by Donahue, 1972) . The nature of this follicular inhibitor is not well established, although available evidence suggests that it may be a follicular fluid peptide of low molecular weight (Jagiello, Graffeo, Ducayen & Prosser, 1977; Stone, Pomerantz, Schwartz-Kripner & Channing, 1978) , an oestrogenic steroid (McGaughey, by McGaughey (1977b) . Only oocytes with an intact, tightly adherent mass of corona radiata cells (intact oocytes) were selected for subsequent experiments. Denuded (cumulus-free) oocytes were obtained by mechanically removing cumulus cells from intact oocytes with a small-bore pipette (Hillensjö, Hamberger & Ahrén, 1975; McGaughey & Van Blerkom, 1977) . When required, the detached cumulus cells were collected into a sterile tube (Falcon Plastics 15 75 mm; No. 2058) , centrifuged into a pellet at 500 g for 5 min, re-suspended in a minimal volume of culture medium, washed, re-centrifuged and transferred to the culture vessel. All oocytes were washed successively three times in the appropriate medium before culture. The collection of oocytes and preparation of cultures usually took between \\ and 2 h, and never longer than 2\ h.
Culture procedures
The oocytes were cultured in wells of Lab-Tek chamber slides (No. 4838) in 0-4 ml medium under 5% C02 in humidified air in a desiccator at 37°C for 24 h. The complex medium of Tsafriri & Channing (1975) (Nie, Hull, Jenkins, Steinbrenner & Brent, 1975; McGaughey, 1978 (Duncan, 1955) . The inhibition of maturation exerted by dbcAMP and testosterone was not significantly affected by the collection of oocytes in unsupplemented medium before culture in the 'inhibitory' medium (Table 2) . In subsequent experiments, therefore, all oocytes were collected in control, unsupplemented medium. 
Experiment 6
There were no significant differences in the maturation of intact oocytes cultured in control medium compared with that of denuded oocytes cultured with or without cumulus cells in this medium (Table 5) . Similarly, intact oocytes cultured in the 'inhibitory' medium were inhibited to Table 6 ). 68-0"(55-2-79-5) 11.4b (0-0-39-5) 69-1" (47-2-87-2) 14-7" (5-9-26-4) 71-6» (27-6-98-9) 41-3a (10-1-77-3) 62-7" (45-0-78-9) 32-3" (0-0-87-0) 40-4a (2-6-87-8) 11.0b (2.0-26-2) 33-8a-b (16-0-30-0) 22-0a-b (14-9-30-0) * Medium containing 1 pi ethanol/ml. (Tsafriri & Channing, 1975) and rat (Tsafriri, 1979) (Nekola & Smith, 1974) or pig (Jagiello et al, 1977; Rice & McGaughey, 1980) oocytes. In addition, when liberated oocytes have been exposed to biological compounds, in no case has a physiological concentration of any 'inhibitor' been used that inhibited more than 50% of control oocytes, whether the 'inhibitor' was oocyte maturation inhibitor (OMI) (Stone et al, 1978; Hillensjö, Channing, Pomerantz & Schwartz-Kripner, 1979) or oestradiol (McGaughey, 1977a; . Since the present results indicate that a very high incidence of reversible inhibition can be achieved with a physiological concentration of testosterone and a high concentration of dbcAMP, the system provides an alternative, and potentially very useful, system with which to investigate the regulatory mechanisms of oocyte maturation. The concentration of testosterone used in this study (0-5 pM) was selected since rat and human (Moon, Tsang, Simpson & Armstrong, 1978) granulosa cells in a cell suspension system, and intact ovaries of the rat in an organ culture system, synthesize maximal amounts of oestradiol at this con¬ centration of androgen in the presence of FSH (0-25 pg/ml). In addition, the selected androgen concentration was of the same order of magnitude as is reported to be present in the follicular fluid of sows (Eiler & Nalbandov, 1977) , women (McNatty, 1978; McNatty & Baird, 1978) and mares (Short, 1960) , although approximately 10 times greater than that measured in cow (Short, 1962) or estimated in mouse (Tyler, Moore-Smith & Biggers, 1980) , follicular fluid. The concentration range for dbcAMP was selected since both rabbit (Erickson & Ryan, 1975) and rat (Cho, Stern & Biggers, 1974) .
The mechanism(s) by which testosterone and dbcAMP act to inhibit oocyte maturation remains undetermined. Since, however, oestradiol has been shown to inhibit porcine oocyte maturation reversibly (McGaughey, 1977a; Channing, 1969; cow: Lacroix et al, 1974; rabbit: Erickson & Ryan, 1975;  sheep: Moor, 1977; rat: Fortune & Armstrong, 1978) (Table 7) . These data suggest, therefore, that dbcAMP acted directly at the level of the denuded oocyte to inhibit maturation. This conclusion is consistent with the observation that dbcAMP inhibits the maturation of denuded mouse oocytes (Cho et al, 1974; Stern & Wassarman, 1974; Wassarman & Turner, 1976) .
In contrast to the independent actions of the two compounds on the denuded oocyte, testosterone, in addition to dbcAMP, exerted a significant inhibitory effect on the maturation of intact oocytes (Table 3) . Neither of the independent actions, however, was as marked as when both compounds were present together in the medium, and a synergistic relationship between testosterone and dbcAMP was indicated. The observed effect of testosterone on maturation was similar to that reported by (Aksel, Schomberg, Tyrey & Hammond, 1976; Anderson et al, 1979; Schomberg, 1979) . Alternatively, 'residual' FSH-bound receptors, known to exist in the granulosa cell (Moon et al, 1978) , could increase intracellular cAMP, resulting in aromatization of testosterone.
The mechanism(s) by which dbcAMP independently reduced the incidence of maturation of intact oocytes is not clear. It is unlikely that the cyclic nucleotide, in the absence of exogenous testosterone, stimulated oestradiol biosynthesis because neither dbcAMP (Erickson & Ryan, 1975; nor FSH Fortune & Armstrong, 1978; Anderson et al, 1979) have been shown to stimulate granulosa cell oestradiol synthesis in the absence of substrate.
In addition to aromatization of androgen, several studies demonstrate androgen-stimulated progesterone production by isolated granulosa cells in vitro (Schomberg, Stouffer & Tyrey, 1976; Armstrong & Dorrington, 1976; Lucky, Schreiber, Hillier, Schulman & Ross, 1977) . The possibility exists, therefore, that both progesterone and oestradiol are synthesized by cumulus cells exposed to testosterone and dbcAMP but that oestradiol is synthesized to a greater extent, resulting in a ratio of oestradiol:progesterone which approximates that in the immature follicle (Thibault, 1977; Gérard et al, 1979) and favours inhibition of maturation (McGaughey, 1977a; Moore-Smith, Tyler & Erickson, 1978) . Indeed, oestradiol has been shown to inhibit FSHstimulated progesterone synthesis by porcine granulosa cells Hillier, Knazek & Ross, 1977; Thanki & Channing, 1978; Haney & Schomberg, 1978) . In this context, it is of significance that oocyte maturation inhibitor (OMI) inhibits progesterone secretion by cumulus and membrana granulosa cells (Hillensjö et al, 1979) . In addition, the typical cumulus monolayer formation which accompanies oocyte maturation in vitro (Hillensjö et al, 1979) was prevented by partly purified OMI. The cumulus masses of inhibited oocytes maintained in testosterone and dbcAMP in the present study likewise do not exhibit a monolayer outgrowth. There is an indication, therefore, that testosterone and dbcAMP affect the morphological differentiation of the cumulus cell in a manner similar to that reported for OMI.
The demonstrated inhibitory effect of testosterone and dbcAMP on the intact oocyte was reversible (Table 4) , a result supported by the observation that fewer GVs were degenerate in oocytes cultured in the inhibitory system than in oocytes maintained in control, unsupplemented medium (Table 6 ). Our results do not, therefore, support the hypothesis that androgens act locally to produce follicular atresia (Payne & Runser, 1958; Speroff & van Wielle, 1971; Louvet, Harman, Schreiber & Ross, 1975) , but indicate that androgens may play an important regulatory role in granulosa cell development, as suggested by others (Moor, Hay & Seamark, 1975; Schomberg et al, 1976; Nimrod & Lindner, 1976; Anderson et al, 1979; Tyler et al, 1980) . 
